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Abstract
IQVLWXFRDOJDVL¿FDWLRQWHFKQRORJ\8QGHUJURXQG
&RDO*DVL¿FDWLRQ±8&*±LVDQDOWHUQDWLYHWRWKH
WUDGLWLRQDOH[SORLWDWLRQGXHWRLWDOORZVWRUHDFK
WKHWRGD\¶VLQDFFHVVLEOHFRDOUHVHUYHV¶UHFRYHU\WR
conventional mining technologies. In this article 
,DQVZHUWKHTXHVWLRQRQKRZWKHWRGD\¶VUHVHUYHV
available volume, can be increased, given the 
SRVVLELOLW\WRH[SORLWIXUWKHUDQGEHWWHUWKHVDPH
UHVRXUFHV0LQLQJLVDQLPSRUWDQWZHDOWKUHVRXUFH
in Colombia as a contributor to the national GDP. 
$FFRUGLQJZLWKWKH(QHUJ\0LQLVWU\0LQLVWHULRGH
0LQDV\(QHUJtD>@PLQLQJKDVEHHQDURXQG
RIWRWDO*'3LQWKHODVW\HDUV7KLVLVDVLJQL¿FDQW
IDFWGXHWRWKHH[LVWHQFHRIDFRQVLGHUDEOHYROXPH
of reserves not accounted for (proved reserves 
DW\HDUZHUHPLOOLRQRIWRQV6RXUFH
,1*(20,1$6DQG830(DQGWKHFRDOIXWXUH
UROH¶VSURVSHFWLQWKHZRUOGHQHUJ\SURGXFWLRQ
Keywords: &RDO ([KDXVWLEOH 5HVRXUFHV
DQG 'HYHORSPHQW 6LPXODWLRQ (QHUJ\ 8&*
7HFKQRORJ\
Resumen
/DWHFQRORJtDGHJDVL¿FDFLyQLQVLWX*DVL¿FDFLyQ
GH&DUEyQ6XEWHUUiQHD±8&*HQLQJOpV±EULQGD
la alternativa de consumir carbón de forma 
GLIHUHQWHDODWUDGLFLRQDO\SHUPLWHXQDH[SORWDFLyQ
de reservas inalcanzables con tecnologías de 
minería convencional. Este artículo responde la 
pregunta sobre cómo aumentan las reservas de 
FDUEyQGLVSRQLEOHVSDUDH[SORWDU\VXLPSDFWRHQ
HOEHQH¿FLRGHOSDtV/DPLQHUtDHVXQLPSRUWDQWH
UHFXUVR GH ULTXH]D SDUD &RORPELD FRQWULEX\H
FRQFHUFDGHOGHO3,%/RVLJQL¿FDWLYRGHHVWH
KHFKRVHGHEHDODH[LVWHQFLDGHXQFRQVLGHUDEOH
YROXPHQGHUHVHUYDVPLOORQHVGHWRQHODGDV
\DOIXWXURUROGHOFDUEyQHQODSURGXFFLyQPXQGLDO
de energía.
Palabras clave:&DUEyQ5HFXUVRVH[KDXVWLEOHV \
desarrollo, Energía, Tecnología de UCG.
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I. INTRODUCTION
$FFRUGLQJ WR WKH:RUOG &RDO ,QVWLWXWH ±:&,±
FRDO LVRQHRI WKHZRUOGPRVW LPSRUWDQWHQHUJ\
UHVRXUFHV 1HDU WR  RI ZRUOG¶V HQHUJ\ LV
SURGXFHGE\XVLQJFRDO>@7KHFRDOFRQVXPSWLRQ
EHFDPHWKUHHIROGGXULQJWKHODVW\HDUV)LJ
7RJHWKHURYHURIWKHZRUOGFRDOSURGXFWLRQLV
FRQVXPHGE\FRXQWULHVOLNH&KLQD,QGLD8QLWHG
6WDWHV 5XVVLD DQG *HUPDQ\ >@ &RORPELD¶V
FRQVXPSWLRQLVRQO\RIWKHWRWDOLQVSLWHRI
EHLQJRQHRIWKHZRUOGELJJHVWFRDOSURGXFHUV>@
FIG. 1. :RUOGFRDOFRQVXPSWLRQE\\HDUPLOOLRQVRI6KRUW7RQV
6RXUFH'DWDIURP8QLWHG6WDWHV(QHUJ\,QIRUPDWLRQ$GPLQLVWUDWLRQ>@2ZQHODERUDWLRQ
7KH ODWHVW QHZ FRDO XVHV DQG WKH WHFKQRORJLHV
development, such as coal liquefaction or 
JDVL¿FDWLRQLQVLWXVXJJHVWDKLJKIXWXUHLQGXVWULDO
GHPDQG ,QSDUWLFXODU WKH8&*LVD WHFKQRORJ\
WKDWKDVDFOHDULPSDFWLRQWKHH[SORLWDEOHUHVHUYHV¶
YROXPH 7KLV LPSOLHV WKDW LW LV QHFHVVDU\ WR
HVWLPDWHWKHQHZFRDOQDWLRQDOUHVHUYHVLQYHQWRU\
JLYHQ WKH SRVVLELOLW\ WR LPSOHPHQW WKH 8&*
WHFKQRORJ\LQ&RORPELD
5HFHQW VWXGLHV VKRZ WKDW WKH 8&* SURMHFWV
DURXQGWKHZRUOGKDYHQRWKDGDQ\GHYHORSPHQW
LQ/DWLQ$PHULFD>@LQVSLWHRIEHLQJDSRWHQWLDO
development for the region. According to 
)ULHGPDQQ HW DO >@ /DWLQ $PHULFD FRXOG
EH FRQVLGHUHG RQH RI WKH UHJLRQV ZLWK KLJKO\
prospective for future UCG projects development.
&XUUHQW GHYHORSPHQW RI 8&* KDV VKRZQ DQ
DGYDQFHG HI¿FLHQF\ PDNLQJ WKLV SURFHVV WKH
FKHDSHVWDVLWUHTXLUHVORZHUFDSLWDODQGRSHUDWLQJ
FRVWV>@7KHUHIRUHLWLVSRVVLEOHWRFRQVLGHUVRPH
UCG potential projects in Colombia, in order to 
improve the national coal resources amount and 
WKH HQHUJ\ SURGXFWLRQ HI¿FLHQF\ 6LQFH 8&*
DOORZVWRPLQHWKHFRDOUHVRXUFHVWKDWWRGD\DUH
LPSRVVLEOH WR H[WUDFW E\ WUDGLWLRQDO PLQLQJ >
@ WKHTXHVWLRQLV¢+RZPXFKZLOOFKDQJHWKH
HI¿FLHQF\DQGWKHSURYHGFRDOUHVHUYHV¶DPRXQW
in Colombia, under the UCG project scenario?
II. UNDERGROUND COAL GASIFICATION
8QGHUJURXQG&RDO*DVL¿FDWLRQ8&*RUin situ 
JDVL¿FDWLRQ LV DSURFHVV WKDW FRQYHUWV FRDO LQWR
DV\QWKHWLFJDVFDOOHGV\QJDVWKLV WHUPLVXVHG
WR VXPPDUL]H WKHPL[RI JDVHVREWDLQHGE\ WKH
SURFHVV 7KH SURGXFHG JDVHV DUH SULPDULO\ +
2
, 
&2&+
4
, and CO
2
 >@7KLV SURFHGXUH GLIIHUV
IURPWKHVXUIDFHFRDOJDVL¿FDWLRQGXHWKDWZLWK
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the UCG, the un-mined coal seams, are injected 
ZLWKVXI¿FLHQWR[\JHQIRUDFRPSOHWHFRPEXVWLRQ
XQGHUJURXQG>@
6LQFH WKH8&*ZHOOV KDYH SHUPHDEOHZDOOV DV
ZDWHU LV LQMHFWHG DW K\GURVWDWLF SUHVVXUH WKH
FRQWUROOHGS\URO\VLVDQGWKHHYDSRUDWLRQSURFHVV¶
FUHDWH WKHXQEXUQWJDV7KLV V\QJDV LVH[WUDFWHG
WKURXJK WKH ZHOOV GULOOHG GRZQ LQWR WKH FRDO
seam. The gas is collected and transported into 
WKH VXUIDFH IDFLOLWLHV IRU IXUWKHU XVH LQ HQHUJ\
SURGXFWLRQRURWKHUVVHH)LJ
Injection 
Wells 
Surface 
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FIG. 2. UCG process. 
6RXUFH2ZQHODERUDWLRQ%DVHGRQ>@
7KH JDVL¿FDWLRQ SUHVVXUH LV QRW DQ LQGHSHQGHQW
design variable, in the UCG process. Instead, it is 
DK\GURVWDWLFSUHVVXUH¶VIXQFWLRQZKLFKLQFUHDVHV
ZLWKWKHFRDOVHDP¶VGHSWK7KHJDVL¿FDWLRQUDWH
JURZWKVZLWKWKHLQFUHDVLQJFRDOGHSWKGXHWRDQ
XSVXUJHLQWKHJDVL¿FDWLRQSUHVVXUH>@7KLVLV
an important input, for the UCG decision time, in 
the coal bed selection.
7KHUH DUH PDQ\ GHVLJQV WKDW KDYH SURYHQ WR
VXFFHVVIXOO\RSHUDWHDQ8&*SURMHFWGHSHQGLQJ
RQLWVFKDUDFWHULVWLFVPDLQO\JHRORJLFDO%XWDV
it has been suggested, the project success, lies on 
WKH FRDO VHDP SHUPHDELOLW\ WR FUHDWH JDVHV >@
>@
A. Current Status
.OLPHQNR>@SRLQWHGRXWWKDWWKHUHDUHPRUHWKDQ
QHZWULDOVEHLQJFRQGXFWHGLQ$XVWUDOLD&KLQD
,QGLD6RXWK$IULFD1HZ=HDODQG&DQDGDDQG
WKH867KH5	'5HVHDUFKDQG'HYHORSPHQWLQ
8&*KDVSURYLGHGQHZWRROVIRUWKLVWHFKQRORJ\¶V
EHWWHUXQGHUVWDQGLQJ7KHNQRZOHGJHFRQFHUQLQJ
WKHZHOO GHVLJQ DQG WKH JDV UHFRYHU\ EHWZHHQ
RWKHUYDULDEOHVKDYHJLYHQDUHQHZHGLQWHUHVWLQ
8&*SURMHFWVDURXQGWKHZRUOG
2QH WKH 8&* WHFKQRORJ\¶ SLRQHHUV ZDV WKH
8665 ZKHUH WKH UHVHDUFK DOORZHG WKH SODQW¶V
RSHUDWLRQVVLQFH¶V$FFRUGLQJWR6KD¿URYLFK
DQG9DUPD >@ WKH)RUPHU6RYLHW8QLRQ )68
KDVEHHQRQHRIWKHFRDOJDVELJJHUSURGXFHUVE\
XVLQJ8&*WHFKQRORJ\$WWKDWWLPHWKHUHZHUH
 0W RI FRDO JDVL¿HG XQGHUJURXQG LQ )68
ZKLOHMXVW.WLQ86$>@
The FSU has promoted important advances in 
WKH WHFKQRORJ\ GHYHORSPHQW 7KH FRDO VHDP¶V
K\GUDXOLFIUDFWXULQJE\SUHVVXUL]HGDLURUZDWHU
KDVOHGWKHZHOOV¶OLQNDJHEHWZHHQLQMHFWLRQDQG
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SURGXFWLRQ WKH FRDO VHDP WKLFNQHVV¶ OHDUQLQJ
the mathematical and simulation models on the 
chemical reactions, have been some of the most 
LPSRUWDQWUHVXOWV>@$OVRLQWKH86WKHUHKDYH
EHHQ LPSURYHPHQWV VLQFH WKH ¶V ZKHQ
the UCG projects development started. The 
PDWKHPDWLF PRGHOV WR XQGHUVWDQG WKH FDYLW\
JURZWKWKHFRPEXVWLRQUHDFWLRQVDQGWKHFDUERQ
management during UCG, are some of them.
,QFRQWUDVWLQ(XURSHWKHPDLQH[SHULHQFHVZHUH
QRW VXFFHVVIXO LQ 6SDLQ )UDQFH RU %HOJLXP
EXW WKH\ VKHG YDOXDEOH OHDUQLQJ WR WKH 8&*
WHFKQRORJ\ GHYHORSPHQW ,Q )UDQFH WKH ¿UVW
H[SHULHQFH MXVW VWDUWLQJ WKH ¶V UHSRUWHG D
SUREOHPZLWKWKHOLQNDJHEHWZHHQWKHZHOOVDQG
WKHFRDOLJQLWLRQ$ODWHUWHVWLQIDLOHGRQWKH
VDPH WHFKQLFDO LVVXH >@ ,Q WKHPLGGOH HLJKWLHV
LQ%HOJLXP WKHUHZDV DSURMHFW WKDW DOVR IDLOHG
LQWKHOLQNDJHEHWZHHQZHOOV$QGLQ6SDLQWKHUH
ZDVDSUREOHPZLWKWKHWHPSHUDWXUHDQGSUHVVXUH
PHDVXUHPHQWZKLFK OHG WRDQH[SORVLRQGXH WR
WKH0HWKDQHDFFXPXODWLRQ7KHQWKHH[SHULPHQW
ZDVFORVHG>@
&KLQD LV FRQVLGHUHG WR KDYH WKH ZRUOG PRVW
LPSRUWDQW 8&* SURJUDPV WKH\ KDYH REWDLQHG
DJUHDWQXPEHURISDWHQWVGXULQJ WKH ODVW\HDUV
On the other hand, Australia has developed one 
RIWKHPRVWHI¿FLHQW8&*SURMHFWVIURPWKHFRDO
UHVRXUFHVUHFRYHU\¶VSRLQWRIYLHZDQGWKH
HQHUJ\UHFRYHU\>@
B. Criteria for an UCG project selection
As has been pointed out above, one of the UCG 
SURMHFWNH\IDFWRUVLVWKHORFDWLRQVHOHFWLRQ7KH
PDLQHOHPHQWVFRQVLGHUHGIRUWKLVVHOHFWLRQ>@
are: 
< The Coal rank. It is one of the most important 
VHOHFWRUV EHFDXVH LW GLUHFWO\ GHWHUPLQHV
WKH JDV SURGXFWLRQ TXDOLW\ 0RUHRYHU LW
IDFLOLWDWHV WKH OLQNDJH EHWZHHQ ZHOOV >@
>@
< The Composition. The features such as the 
DVK VXOIXU DQG PRLVWXUH¶V DPRXQW DOVR
DIIHFW WKH JDV TXDOLW\ EXW WKH\ FDQ DOVR
LQKLELWWKH8&*SURFHVV>@
< 7KH 3RURVLW\ DQG SHUPHDELOLW\. Variables 
QHFHVVDU\WRLPSURYHWKHJDVÀRZ>@
< The Partings,WUHIHUVWRWKHOLPHVWRQHFOD\
OD\HUV VKDOH RU RWKHU URFNV WKDW ORFDOO\
VHSDUDWHWKHFRDOLQWRPXOWLSOHOD\HUVZLWKLQ
DJLYHQVHDP>@
< The Depth and aquifers, the depth and 
subsidence,WUHIHUVWRWKHJHRORJLFOD\HUV¶
VWUXFWXUDOLQWHJULW\DERYHWKHFRDOVHDP
< +\GURORJ\ 7KH ZDWHU VRXUFHV DUH XVHIXO
WR UHDFK WKH JDVL¿FDWLRQ UHDFWLRQ LQ WKH
process.
< Coal seam thickness and angle.GLS
< &RDOUHVHUYHVDQGDFFHVVLELOLW\.
C. Criticism
It KDVEHHQUHFRJQL]HGWKDWWKH8&*WHFKQRORJ\
presents technical, environmental and economic 
advantages, against the traditional mining or 
the alternative technologies like the surface 
JDVL¿FDWLRQ +RZHYHU DV WKH DGYDQWDJHV DUH
QXPHURXV LW VWLOO IDFHV VRPH FKDOOHQJHVZKLFK
imposes some restrictions, for its implementation.
)URP WKH HQYLURQPHQWDO EHQH¿WV SRLQW RI YLHZ
WKH 8&* WHFKQRORJ\ DOORZV WR FRQWURO VRPH
SROOXWDQWJDVHV¶HPLVVLRQDQGLWLVDQDOWHUQDWLYH
IRU FDUERQ VWRUDJH DQG VHTXHVWUDWLRQ+RZHYHU
it can bring negative consequences in the 
JURXQGZDWHUFRQWDPLQDWLRQLIWKHHIIHFWVDUHQRW
FRUUHFWO\PLWLJDWHG>@>@>@
&RPSDUHG ZLWK WKH RWKHU FRDO XVHV OLNH WKH
VXUIDFH JDVL¿FDWLRQRU WKH HQHUJ\SURGXFWLRQ LQ
WKHUPDOSODQWVWKH8&*FRQVLGHUDEO\UHGXFHVWKH
environmental pollution, due to the gases or ashes 
RQWKHDLU¶VHDVLHUFRQWURO
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Other risks associated to UCG are, the subsidence 
ZKHUHWKHFRDOVHDPVDUHVKDOORZWKH&2
2
 leakage 
ZKHQ WKH FDUERQ FDSWXUH DQG VWRUDJH &DUERQ
VHTXHVWUDWLRQDOVRNQRZQDVFDUERQFDSWXUHDQG
VWRUDJH&&6 LVD WHFKQLTXH WRFDSWXUH&2
2
 at 
FRDO¿UHGSRZHUSODQWVWUDQVSRUWLQJWKHJDVDQG
VWRULQJLWLQVWHDGRIOHWWLQJLWHQWHUWKHDWPRVSKHUH
WHFKQRORJ\LVOLQNHGWR8&*>@,WLVLPSRUWDQW
to have into account, the legal restrictions 
depending on the local authorities, related to the 
environmental aspects for the site selection.
Other technical challenges concerning the gas 
UHFXSHUDWLRQ E\ XVLQJ WKH FRDO VHDP K\GUDXOLF
fracture, have been mentioned above. 
%XW VWLOO WKHUH DUH ELJ HQJLQHHULQJ GLI¿FXOWLHV
VLQFHWKHSURFHVVFDQQRWEHHDVLO\FRQWUROOHGOLNH
DVXUIDFHJDVL¿FDWLRQSURFHVV)RUH[DPSOHLWLV
QRWSRVVLEOHWRFRQWUROWKHS\URO\VLVGLUHFWLRQWKH
FDYLW\ H[SDQVLRQ DQG JURZWK DQG WKH UHVSRQVH
WRWKHLQMHFWLRQFRPSRVLWLRQ>@GXHWRWKHZDWHU
DQG DLU LQÀX[ LW LV GLI¿FXOW WR UHDFK WKH LGHDO
WHPSHUDWXUHIRU8&*>@
5HJDUGLQJWKHHFRQRPLFSHUVSHFWLYHLWKDVEHHQ
KLJKOLJKWHGWKDWE\WKH8&*WKHXQPLQDEOHFRDO
UHVRXUFHVFRXOGEHJDVL¿HGVLQFH WKHGULOOLQJ LV
DEOHWRUHDFKGHHSHUVHDPVWKDQWKRVHH[SORLWHG
E\ WUDGLWLRQDOPLQLQJ )LHGPDQQ HW DO >@ KDYH
pointed out that this requires four conditions: 
 6WURQJ WHFKQLFDO NQRZOHGJH &KHPLVWU\
*HRVFLHQFHV&RPPHUFLDOIDFLOLWLHV$KLJK
OHYHO HQYLURQPHQWDO SURWHFWLRQ DQG  6RPH
DFWLYHFDUERQVWUDWHJLHVLQWKHFRXQWU\SDUWLFXODUO\
FRQFHUQLQJ &&6 2Q WKH RWKHU KDQG %HOO DQG
7RZOHU>@FRQVLGHUWKDWLWLVQHFHVVDU\WROHDYH
DQDPRXQWRIFRDOZDOOVXQEXUQHGWRDYRLGZDWHU
contamination, reducing the recoverable coal 
TXDQWLW\
III. CONSEQUENCES OF DEEPER COAL 
EXPLOITATION
7KH UHFRYHUHG JDVHV¶ ¿QDO GLVSRVLWLRQ LV DQ
LPSRUWDQW LQSXW WR DVVHVV DQ\ 8&* SURMHFW¶V
YLDELOLW\,IWKHUHFRYHUHGJDVKDVWREHWUDQVSRUWHG
long distances, the increasing transport cost, 
decreases the economic advantage that the project 
could have. Surface facilities are important part 
RIDQ8&*SURMHFW¶VYLDELOLW\
7KLV ZRUN PDLQ K\SRWKHVLV LV WKDW WKH 8&*
DOORZVDGGLWLRQDOUHVRXUFHVH[SORLWDWLRQWKDWDUH
LPSRVVLEOHWRH[WUDFWE\WUDGLWLRQDOPLQLQJ*LYHQ
the depth recommended for this kind of projects, 
it is quite important to understand the deeper coal 
UHVRXUFHVH[SORLWDWLRQ¶VFRQVHTXHQFHVWKDQWKRVH
H[SORLWHGE\WUDGLWLRQDOPLQLQJ
+HULDZDQDQG .RLNH >@ GHPRQVWUDWHG WKDW
the coal seams geological and chemical 
characteristics, are heterogeneous respect to their 
VSDWLDO ORFDWLRQ E\ XVLQJ GLIIHUHQW PXOWLYDULDWH
DQGXQLYDULDWHWHFKQLTXHVÈOYDUH])HUQiQGH]et 
al.>@KDYHVWXGLHGWKHORFDOYDULDWLRQLQÀXHQFH
LQ WKHFRDO VHDP¶V WKLFNQHVV LQDSUDFWLFDOFDVH
of surrounding stresses, in the underground 
mining. With these studies it has been found that 
the depth changes the coal seam characteristics. 
7KLVSKHQRPHQRQLVNQRZQDVD+LOW¶V ODZWKH
FRDOL¿FDWLRQ GHJUHH¶V GHSHQGHQFH RQ GHSWK
and it is considered as a substantial and long-
DFNQRZOHGJHGUXOH>@
)RU H[DPSOH LQ D SDUWLFXODU VWXG\ 6LYHN et 
al. >@ IRXQG WKDW ELWXPLQRXV FRDOV¶ PRLVWXUH
FRQWHQWYDULHVZLWKWKHGHSWKDFDVHVWXG\IURP
WKH&]HFKSDUWRIWKH8SSHU6LOHVLDQ&RDO%DVLQ
Authors found that the trends in the volatile 
matter moisture- and the ash-free depend on the 
“stratigraphic depth”. The general trend of the 
GHFUHDVLQJ YRODWLOH PDWWHU FRQWHQWV ZLWK GHSWK
ZDV XQGRXEWHGO\ FRQ¿UPHG &RDO VHDPV VKRZ
OHVVYRODWLOHPDWWHUFRQWHQWVWKDQWKHLURYHUO\LQJ
VHDPV>@
7KH GHSWK FDQ UHGXFH WKH FRDO TXDOLW\ 7KH
high pressures and temperatures ranging meta 
genesis process to metamorphism, implies that 
the organic matter is associated, in the form of 
JUDSKLWH DQG GLDPRQG GRLGV LQ PRUH H[WUHPH
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FDVHVZLWKDODFNRIFRPPHUFLDOYDOXH+RZHYHU
for this to happen, it requires high temperatures 
DURXQG&VRPHWLPHVLWUHDFKHV&D
W\SLFDOZDWHUVKHGJHRWKHUPDOJUDGLHQWLVWR
&SHUNLORPHWHURIGHSWK)ROORZLQJWKLVLGHDLW
LVIRXQGDFRDOGHWHULRUDWHGIURPNPWRNP
hence economic and technical mines should not 
be set too deep. 
7KXV DW D GHSWK JUHDWHU WKDQ P WR P
IRUH[DPSOHWKHUHLVDORZHUFRDOWKLFNQHVVWKH
author studied the US Contour maps of coal 
UHVRXUFHVE\6WDWHDQGWKH\FDQEHREWDLQHGXSRQ
UHTXHVWEXWWKH\DUHRIIVHWE\OHVVPRLVWXUHDQG
WKHUHIRUHDPXFKKLJKHUFDORUL¿FYDOXHFRDOVW\SH
³DQWKUDFLWH´ WKLV FRQWUDVWVZLWK WKH DVK FRQWHQW
ZKLFKWHQGVWREHJUHDWHU>@7RH[SODLQWKHDVK
increase, if the coal seam depth becomes irregular, 
it could contain some larger particles of inorganic 
PDWHULDOVWKDWSUHYHQWWKHFRDOTXDOLW\IRUPDWLRQ
GXHWRWKHDQLVRWURS\+RZHYHUHDFKEDVLQKDVLWV
RZQLQGLYLGXDOFKDUDFWHULVWLFVDQGLW MXVWFDQEH
GHWDLOHGE\WKHGULOO¿QGLQJV
,QJHQHUDODWJUHDWHUGHSWKVPRUH WKDQP
RQHVKRXOG¿QGH[FHOOHQWTXDOLW\FRDOVDOWKRXJK
OHVVWKLFNDVORQJDVWKHPDQWOHLVLVRWURSLFZKLFK
depends on the shell and its features. According to 
+HULDZDQDQG.RLNH>@WKHXQFHUWDLQW\WHUPLQ
the coal reserves assessment, is related to the lack 
RI D WKLFNQHVV YDULDELOLW\PHDVXUH ,Q DQ\ FDVH
WKLV ¿QGLQJ LPPHGLDWHO\ OHDGV WR GHFLGH ZKDW
FRDOOD\HUPXVWEHUHPRYHGZKLFKPDNHVLWPRUH
GLI¿FXOW IRU WKH WHFKQRORJLHV WREH LPSOHPHQWHG
ZKHUHWKHRSHQSLWLVDOPRVWPDQGDWRU\
IV. COAL RESERVES-RESOURCES 
DEFINITIONS UNDER UCG
7KH FRDO UHVHUYHV GH¿QLWLRQV DFFHSWHG LQ
&RORPELD ZDV SXEOLVKHG E\ WKH 0LQLQJ DQG
(QHUJ\ 0LQLVWU\ LQ  >@ DQG UHPDLQV
XQPRGL¿HGXQWLOWRGD\7KHUHDUH¿YHFDWHJRULHV
IRU FODVVLI\LQJ WKH UHVRXUFHV DQG UHVHUYHV
GHSHQGLQJ IURP WKH GLVWDQFH E\ ZKLFK
information points are separated: 
a. 0HDVXUHG6HSDUDWHGE\PRIGLVWDQFH
from each other.
b. ,QGLFDWHG6HSDUDWHGIURPPWRP
of distance from each other.
c. ,QIHUUHG6HSDUDWHGIURPPWRP
of distance from each other.
d. +\SRWKHWLF6HSDUDWHGE\PRUHWKDQP
of distance from each other
e. Speculative: There are no information 
SRLQWV RU WKH\ DUH VHSDUDWHG E\ H[WUHPHO\
great distances.
7KH¿QDOFODVVL¿FDWLRQLVGHWHUPLQHGE\DVWDQGDUG
WDEOHLQZKLFKDUHGH¿QHGWKHFDOOHG³WKUHVKROG
YDOXHV´ RYHU VRPHYDULDEOHV OLNH&RDO TXDOLW\
VHDP¶ VORSH GLVWDQFH EHWZHHQ WKH PHDVXULQJ
points, sterile intercalations, coal seams thickness 
DQGGHSWK7KHQWKHVHGH¿QLWLRQVGHSHQGRQWKH
FHUWDLQW\GHJUHHWRPDNHWKHHVWLPDWLRQVEHFDXVH
HDFKFDWHJRU\LVUHODWHGWRDUHDVRQDEOHFHUWDLQW\
test.
0HDVXUHG6HSDUDWHGE\PRIGLVWDQFHIURP
each other.
,QGLFDWHG 6HSDUDWHG IURP P WR P RI
distance from each other.
,QIHUUHG 6HSDUDWHG IURP P WR P RI
distance from each other.
+\SRWKHWLF 6HSDUDWHG E\ PRUH WKDQ P RI
distance from each other.
Speculative: There are no information points or 
WKH\DUHVHSDUDWHGE\H[WUHPHO\JUHDWGLVWDQFHV
+RZHYHUFRQFHUQLQJWKHFRDOGH¿QLWLRQVWKHUHDUH
DPELJXLWLHVUHFRJQL]HGE\GLIIHUHQWDXWKRUV>@
)RU H[DPSOH DFFRUGLQJ WR $OSHUQ DQG /HPRV
>@ LQ WKH ,62VWDQGDUG WKHGH¿QLWLRQV
is: “A coal seam stratum or sequence of strata 
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FRPSRVHG RI FRDO DV D VLJQL¿FDQW FRPSRQHQW
DQG VLJQL¿FDQWO\ GLIIHUHQW LQ OLWKRORJ\ WR WKH
VWUDWD DERYH DQG EHORZ LW 1RWH ,W LV ODWHUDOO\
SHUVLVWHQW RYHU D VLJQL¿FDQW DUHD DQG LW ZLOO EH
RIVXI¿FLHQWWKLFNQHVVDQGSHUVLVWHQFHWRZDUUDQW
mapping or description as an individual unit”. 
$W WKH VDPH WLPH$OSHUQ DQG /HPRV FRQVLGHU
WKDWWKHGH¿QLWLRQLVYHU\LPSUHFLVHLQWKHGHSWK
WKLFNQHVV DQG OLWKRORJ\¶V WHUPV 2Q WKH RWKHU
KDQG 6FKXHQHPH\HU DQG 3RZHU >@ SURSRVHG
D PHWKRG WR HVWLPDWH WKH XQFHUWDLQW\ IRU FRDO
UHVRXUFH DVVHVVPHQW DOVR %DUGRVV\ et al. >@
SURSRVHGWKHLURZQUHVRXUFHHVWLPDWLRQPHWKRG
6RPHDVSHFWV WKDW LPSDFW8&* WHFKQRORJ\ DUH
WKH FRDO VHDPV WKLFNQHVV DQG GHSWK GH¿QLWLRQV
7KHUH DUH KLJK GLIIHUHQFHV EHWZHHQ FRXQWULHV
)RUH[DPSOHLQ8NUDLQHLWKDVEHHQFODVVL¿HGDV
SURYHQUHVHUYHV WKHFRDOUHVRXUFHVXQWLOP
GHSWK>@ZKLOHLQ&RORPELDLVMXVWP>@
/XQDet al. >@PDGHDQH[WHQVLYHVWXG\RQWKH
FRDOUHVRXUFHVUHVHUYHVDQGTXDOLW\LQ&RORPELD
7KH\GLYLGHGWKHLUZRUNE\WKHGLIIHUHQWFRDO]RQHV
recognized in Colombia, in order to estimate the 
reserves and to establish the coal general features 
LQVXFKUHJLRQV7KH\SUHVHQWWKHSURYHQUHVHUYHV¶
DPRXQWDQGPDGHDQLQIHUHQFHRQWKHK\SRWKHWLF
UHVHUYHVLQWKHFRXQWU\+RZHYHULQPRVWRIWKH
FDVHVLWLVH[SOLFLWWKDWWKHLUFDOFXODWLRQVDUHEDVHG
RQDPRIGHSWK
7KH GHVLUHG JHRORJLF DQG K\GURORJLF
FKDUDFWHULVWLFV IRU DQ 8&* SURMHFW >@ >@
VKRXOGGH¿QHDGHSWKEHWZHHQPDQGP
for its implementation. In spite of this technical 
PDWWHUWKLVVHFWLRQSXUSRVHLVWRHVWDEOLVKKRZWKH
8&* WHFKQRORJ\ LPSOHPHQWDWLRQZKLFKDOORZV
H[SORLWLQJ UHVHUYHVEH\RQGP FRXOG LPSDFW
the Colombian available reserves amount. 
A. Reservoirs calculation
$V&DOGZHOODQG+HDWKHU>@SRLQWHGRXWLQWKH
86$ FDVH DV WKLV FODVVL¿FDWLRQ LV FRPSOHWHO\
deterministic, the reserves are imprecise and 
GHSHQG YHU\PXFK RQ WKH HVWLPDWRU FULWHULD ,Q
Colombia the current in force coal resources 
FODVVL¿FDWLRQ LV FDOFXODWHG XVLQJ WKH IROORZLQJ
IRUPXODLQHTXDWLRQ

:KHUHWRQV DUHD ZHLJKWHG DYHUDJH FRDO
WKLFNQHVVFRDOGHQVLW\FRDOVHDPVORSH
+RZHYHU WKH UHVHUYHV KDYH EHHQ GH¿QHG
E\ HVWLPDWHV LQ IRUPHU ZRUNV DVVXPLQJ D
probabilistic distribution. According to Phillips 
>@ WKH HDUWK¶V FUXVW PLQHUDOL]DWLRQ IROORZV D
FRQWLQXRXV GLVWULEXWLRQZKLFK DIWHU VLPXODWLRQV
is assumed to be lognormal. On the other 
KDQG&DOGZHOODQG+HDWKHU >@XVHVDQRUPDO
distribution to their reservoir-level probabilistic 
approach.
+RZHYHU%DQFURIWDQG+REEV>@DUJXHWKDWWKH
GHFLVLRQ WR DVVXPHDQ\GLVWULEXWLRQDO IRUP FDQ
EH PDGH RQO\ E\ WKH SUDFWLWLRQHU ZKR KDV WKH
SUREOHP¶VPRUH FRPSOHWH DSSUDLVDO ,Q JHQHUDO
the geosciences describe the spatial relationship 
EHWZHHQWKHJHRORJLFDOGDWDWDNHQDWWKH¿HOGE\
using different statistical techniques. 
+HUH WKH VWDWLVWLFDO DSSURDFK WDNHV VRPH
important features, since the samples have their 
VSDWLDO UHODWLRQVKLSV2QHRI WKHNH\ IDFWRUV IRU
the estimations robustness, is to understand the 
DVVXPSWLRQVWKDWGH¿QHWKHUHODWLRQVKLSVEHKLQG
WKHWHFKQLTXHV7KHDQDO\VLVJRDO LV WRHVWLPDWH
VRPHXQVDPSOHGORFDWLRQSURSHUWLHVE\SUHGLFWLQJ
LWV EHKDYLRU H[SODLQHG E\ D VDPSOHG RQH 7KH
PDLQDVVXPSWLRQLVWKDWWKHGDWDLVVWDWLRQDU\DVLW
is required for an adequate population description 
E\WKHVDPSOH
Provided that for treating the data, a random 
IXQFWLRQLVXVHGWKHVWDWLRQDU\LVGH¿QHGWKURXJK
WKHREVHUYHGUDQGRPIXQFWLRQ¶V¿UVWDQGVHFRQG
RUGHU PRPHQWV DQG WKH VWDWLRQDU\ GHJUHHV
correspond to the particular moments that remain 
LQYDULDQWV DFURVV D VWXG\ DUHD >@ +RZHYHU
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this assumption is just qualitative, and it never is 
IRXQGSHUIHFWO\LQQDWXUH>@>@
B. Simulation of coal reserves calculation
Stochastic simulation has been used to improve 
WKHZD\WRFDOFXODWHUHVHUYRLUV,WKDVEHHQXVHIXO
WRPRGHOFRDOUHVRXUFHVDQGWRDVVLJQDQGFODVVLI\
UHVHUYHV >@ >@ ,Q WKHVDPHZD\ VHTXHQWLDO
Gaussian conditional simulation algorithm, has 
EHHQXVHGWRDVVHVVWKHJUDGHHVWLPDWHVXQFHUWDLQW\
DQGDOVR LW LOOXVWUDWHVKRZWKHVLPXODWHGPRGHOV
can be incorporated into the mine planning and 
VFKHGXOLQJ >@ DOVR WKHFRQGLWLRQDO VLPXODWLRQ
>@ ,Q RWKHU FDVHV PRUH FRPSOH[ GHVLJQV DUH
H[SORUHGOLNHWKHDQQHDOLQJVLPXODWLRQ>@RUWKH
IRUHFDVWLQJPRGHOV>@
In this simulation I used as main parameters for 
estimating the coal resources, the coal seam areal 
H[WHQWPXOWLSOLHGE\WKHVHDPWKLFNQHVVDQGWKH
LQVLWXGHQVLW\7KHDUHDOH[WHQWLVGH¿QHGE\WKH
DUHDV RI LQÀXHQFH¶V 2EVHUYDWLRQ 3RLQWV >@
7KH LQSXWV DUH VLPXODWHG E\ XVLQJ WKH &U\VWDO
%DOO© SURJUDPDQG WKHSDUDPHWHUVJLYHQE\ WKH
FRPSDULVRQH[HUFLVHGRQHZLWKVRPH86$VWDWHV
%HIRUHUXQQLQJWKHVLPXODWLRQWKHFRDOUHVHUYHV
data for eight USA states, concerning the variance 
JLYHQ WKH VDPSOH WDNHQ GHSWK ZHUH FRPSDUHG
7KH GDWD ZHUH FRPSDUHG E\ WKH VWDWHV DQG WKH
WKLFNQHVV YDULDEOH $OO WKH GDWD ZDV FROOHFWHG
from the public source of the National Coal 
5HVRXUFHV 'DWD 6\VWHP >@ IURP 86$ 7KH\
ZHUH DUELWUDULO\ VHOHFWHG E\ WKH GLIIHUHQW VWDWHV
FRDO UHVRXUFHV TXDQWLWDWLYH UHOHYDQFH¶V UHSRUWHG
database for each sample.
1) USA coal resources: 6LQFH WKH H[HUFLVH
GHVFULEHG DERYH ZDV FDUULHG RXW LQ RUGHU WR
get the basic parameters for a simulation, the 
HFRQRPLF UHFRYHUDEOH FRDO GH¿QLWLRQ UHODWHG
WR WKH GHSWKZDV ¿[HG DW P >@ ,WPHDQV
WKDW HDFK FRDO UHVRXUFHV 6WDWH¶V VDPSOH ZDV
GLYLGHGLQWZRVXEVHWVGHSHQGLQJRQWKHYDULDEOH
µ'HSWK¶ 7KLV YDULDEOH UHIHUV WR WKH GULOO KROH¶V
GHSWKZKHUHWKHVDPSOHZDVWDNHQ7KXVWKHJHR
VWDWLVWLFVYDULDEOHVZHUHGLYLGHGLQWZRJURXSVIRU
comparisons.
$OOUXQVZHUHFDUULHGRXWE\XVLQJWKH6XUIHU© 
SURJUDP :LWK LW ZDV REWDLQHG WKH YDULRJUDP
contour map and a grid geostatistical report, (see 
7DEOH  IURP WKH GULOO KROHV GDWDVHW E\ HDFK
VWDWH¶V VXEVHW -XVW IRU LOOXVWUDWLRQ ZHUH PDGH
DOO WKH UDZGDWD IRU WKLFNQHVV KLVWRJUDP RI WKH
FRDOVHDPDWWKHGULOOHGKROHVE\VWDWHDQGWKHQ
GLYLGHGIRUHDFKVXEVHW)RUDOO WKH UXQV LWZDV
HPSOR\HG WKH .ULJLQJ 9DULDQFH E\ D FURVV
PHWKRGZLWKD1XJJHWHIIHFWD/LQHDUFRPSRQHQW
and a Gaussian transformation.
TABLE 1A
GEOSTATISTIC RESULTS
State Colorado Iowa Kentucky North Dakota
Statistic d)P G!P d)P G!P d)P G!P d)P G!P
Min  1.27      
0D[        
5DQJH        
Mean        
SD     17.99   
Variance   47.29 92.39    
Source: National Coal Resources Data System. NCRDS. Own elaboration by using Surfer 8©
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TABLE1B
GEOSTATISTIC RESULTS
State Ohio Utah Wyoming
Statistic d)P G!P d)P G!P d)P G!P
Min  14.33 29.79 7.29  
0D[      1294.99
5DQJH 93.94   193.73  
Mean   123.22   
SD   33.23  147.11 
Variance  111.43    
6RXUFH1DWLRQDO&RDO5HVRXUFHV'DWD6\VWHP1&5'62ZQHODERUDWLRQE\XVLQJ6XUIHU©
'HVSLWH WKH SUHYLRXV VWDWLVWLFDO DQDO\VLV DQG WKH
KLVWRJUDP IRU DOO WKH UDZ GDWD¶ FRQVWUXFWLRQ LW
LV QHFHVVDU\ WR NHHS LQPLQG WKDW HDFK VDPSOH
KDV LWVRZQVSDWLDOFKDUDFWHULVWLFV ,WPHDQVWKDW
HDFK VDPSOH ZDV PDGH E\ PDLQWDLQLQJ D UXOH
FRQFHUQLQJWKH/DJGLVWDQFHEHWZHHQWKHVDPSOHV
,W LV UHFRPPHQGDEOH WR NQRZ WKH /DJV YHFWRU
GLUHFWLRQIRUHDFK¿HOGDVLWZDVH[SODLQHGLQWKH
SUHYLRXV VHFWLRQV )RU H[DPSOH OHW XV REVHUYH
WKH&RORUDGR6WDWHVDPSOH¶VFRQ¿JXUDWLRQIRUD
GHSWKELJJHUWKDQPVHH)LJ
FIG. 3.&RORUDGR9HFWRU0DS'HHSHUWKDQPHDFKEOXHDUURZUHSUHVHQWVWKHGLUHFWLRQRIWKH/DJV%ODFNSOXV
V\PEROVUHSUHVHQWVWKHGULOOKROHVLQWKH¿HOG
6RXUFH1DWLRQDO&RDO5HVRXUFHV'DWD6\VWHP2ZQHODERUDWLRQE\XVLQJ6XUIHU©
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$QDO\]LQJWKHWDEOHVDDQGERQHFDQREVHUYH
WKDWFRQWUDU\WRZKDWZDVH[SHFWHGWKHUHLVQRW
DQDEVROXWHUHJXODULW\EHWZHHQWKHUHVXOWV,QWKH
FDVHVRI&RORUDGR,RZDDQGLQOHVVH[WHQW2KLR
WKH DYHUDJH FRDO VHDP WKLFNQHVV LQFUHDVHVZLWK
the depth; and for the other States it decreases as 
H[SHFWHG2QWKHRWKHUKDQGDQGIRUWKLVDUWLFOH
purpose, it is much more important the behavior 
IRXQG FRQFHUQLQJ WKH VDPSOH¶V VSDWLDO YDULDQFH
6LQFHLWLVDVVXPHGWKHDQLVRWURS\H[LVWHQFHWKH
changes in the vertical direction are quicker than 
WKHKRUL]RQWDORQHV6RLWFRXOGEHH[SHFWHGWKDQ
WKHGHHSHUWKHUHVRXUFHVH[SORLWDWLRQWKHJUHDWHU
WKH YDULDQFH +RZHYHU LW ZDV MXVW SURYHG IRU
&RORUDGR,RZD1RUWK'DNRWDDQG2KLR
7KHVH ¿QGLQJV GR QRW LPSO\ WKDW WKH UHVRXUFHV
LQFUHDVLQJ LQ VSDWLDO YDULDQFH¶V FRQGLWLRQ LV
IDOVH/HWXVUHPLQGWKDW WKLVYDULRJUDPKDVQRW
been calculated across the multiple data. It just 
takes into account the coal seam thickness. For 
H[DPSOHZKHQWKHYDULRJUDPLVGRQHIRUDQRWKHU
YDULDEOHWKHUHVXOWVDUHGLIIHUHQW,QWKH.HQWXFN\
FDVHDUXQRQ6XUIHU©ZDVFDUULHGRXWIRUERWK
VXEVHWV ZLWK WKH YDULDEOH µ)L[HG &DUERQ¶ 7KH
UHVXOWVZHUHFRPSOHWHO\GLIIHUHQWVHH7DEOH
TABLE 2
RESULTS OF THE VARIOGRAM WITH FIXED CARBON
Kentucky
Statistic d)P G!P
Min  
Max  
Range  21.32
Mean  
SD  
Variance  
6RXUFH1&5'62ZQHODERUDWLRQE\XVLQJ6XUIHU©
7KLV UHVXOW LV TXLWH LPSRUWDQW DV D MXVWL¿FDWLRQ
IRU WKLVZRUN$ FURVV YDULRJUDP FRXOG VXSSRUW
WKH WKHVLV WKDW H[SORLWLQJ FRDO GHHSHU WKDQ LW
LV SRVVLEOH ZLWK WUDGLWLRQDO PLQLQJ ZKLOH LW
becomes riskier, at the same time increases the 
FRDOUHVRXUFHV¶UHFRYHUDEOHDPRXQW
,W LV LPSRUWDQW WR FODULI\ WKDW WKH QH[W VHFWLRQ
UHJDUGVWKHVLPXODWLRQEDVHGRQWKLVSUHOLPLQDU\
GDWD DQG ORRN IRU D FRPSDULVRQ +RZHYHU
the coal seams are not a continuum, then this 
inference based on a simulation, needs to be 
WDNHQDVDQLGHDOVFHQDULR,QWKHVDPHZD\WKH
data presented before is an input for a simulation 
model and has been used to calibrate the starting 
PRGHO¶VYDULDEOHV
2) Simulated scenario: 7KHVLPXODWHGVFHQDULR¶V
FRQVWUXFWLRQ ZDV PDGH E\ WKH 0RQWHFDUOR
6LPXODWLRQ SURJUDP $OO UXQV ZHUH FDOFXODWHG
E\WKHFURVVYDULRJUDPDQGWKH.ULJLQJYDULDQFH
,W ZDV XVHG D PRGHO ZLWK WKH QXJJHW HIIHFW
for a cross variogram, and for each individual 
YDULRJUDP RI 7KLFNQHVV 6DPSWKN PRLVWXUH
0RLVWUYRODWLOLW\RUYRODWLOLW\PDWWHUV9ROPDW
¿[HG FDUERQ )L[HGF DVK YDOXH 6WGDVK DQG
6XOIXU FRQWDLQ 6OIXU 1R WUHQG RU *DXVVLDQ
WUDQVIRUPDWLRQV ZHUH HPSOR\HG JLYHQ WKH GDWD
KHWHURJHQHLW\
7KHYDULRJUDPZDVPRGHOHGE\XVLQJ D VLPSOH
([FHOVSUHDGVKHHWDQGE\WKHGH¿QLWLRQJLYHQDW
Kelkar et al. >@ZLWKRXWDQ\WUDQVIRUPDWLRQRU
WUHQG$Q LQLWLDO GDWDEDVH ZDV XVHG LQ RUGHU WR
SDUDPHWHUL]HWKHPRGHO,WZDVVHOHFWHGWKH2KLR
Sample, given the spatial statistical properties 
IRXQGLQDIRUPHUVHFWLRQ+RZHYHUWKHVDPSOH
ZDVGLYLGHGLQWZR¿OHVDVWKHVXEVHWVGHVFULEHG
DERYH DFFRUGLQJ ZLWK WKH VDPSOH¶V GHSWK ,Q
WKLV FDVH LWZDV XVHG '/DJV SURJUDP$V LQ
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WKH JHRPHWULF DQLVRWURS\¶V FDVH WKLV DQDO\VLV
LPSOLHV WKUHH GLPHQVLRQV ZKHUH  and  are 
the horizontal directions, and  the vertical one: 
 , for the variogram 
FRQVWUXFWLRQ7KHUHVXOWVDUHYHU\LQWXLWLYHZKHQ 
FRPSDUHGVLQFHWKHYDULDQFHLVJUHDWHUZKHQWKH
VDPSOH LVGHHSHU WKDQP ,I WKHYDULRJUDPV
DUH WUHDWHG E\ DQ\ LQGHSHQGHQW YDULDEOHV WKH
UHVXOWVDUHDVH[SHFWHGVHH7DEOH
TABLE 3A
VARIOGRAMS FOR A BASE MODEL UP TO 600M
Variance 
term
varj(t) varj(m) varj(v) varj(f) varj(a)
1st term     
2nd term     
3rd term     
4th term     
5th term     
6th term     
7th term     
8th term     
9th term     
10th term     
6RXUFH1&5'62ZQHODERUDWLRQ
TABLE3B
VARIOGRAMS FOR A BASE MODEL DEEPER THAN 600M
Variance 
term
varj(t) varj(m) varj(v) varj(f) varj(a)
1st term     
2nd term     
3rd term   9,9232  
4th term     
5th term     
6th term     
7th term     
8th term   7,394331429  
9th term     
10th term     
6RXUFH1&5'62ZQHODERUDWLRQ
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$FURVVYDULRJUDPZDVFDUULHGRXWE\UHODWLQJWKH
thickness and the moisture variables. The results 
ZHUHVLPLODUWRWKHIRUPHUVLPSOHYDULRJUDPV
7KHQ RQFH WKH SUHOLPLQDU\ K\SRWKHVHV ZHUH
DVVXPHG WKH PRGHO ZDV SDUDPHWHUL]HG RQ D
&U\VWDO %DOO¶V FRPSXWHU SURJUDP$OO WKH PDLQ
GLVWULEXWLRQV YDULDEOHV ZHUH PRGHOHG DFFRUGLQJ
ZLWKWKHUHVXOWVVKRZQLQSUHYLRXVVHFWLRQ6RPH
DGMXVWPHQW SURYHVZHUH FDUULHG RXW LQ RUGHU WR
¿QGWKHSDUDPHWHUVEHWWHUGLVWULEXWLRQXVLQJWKH
UDZGDWDWR¿WZHOOWKHPRGHOVHH7DEOH
TABLE 4
ADJUSTMENT MODELS FOR RAW DATA DEEPER THAN 600M
Data Thickness Moisture Volatility Fixed C Ash
Distribution    43,99 
Better adjustment /RJLVWLF /RJQRUPDO %HWD %HWD Gamma
Anderson-Darling     
P Value   --- --- 
6RXUFH1&5'62ZQHODERUDWLRQE\2UDFOH&U\VWDOO%DOO
$IWHU DGMXVWPHQWV  UXQV ZHUH VLPXODWHG
DQG WKH VDPSOH WKLFNQHVV VKRZHG D GHFUHDVH
ZKHQ LV WDNHQ GHHSHU WKDQ P DV H[SHFWHG
When simulated as thickness having a lognormal 
GLVWULEXWLRQ WKH ¿UVW WHUP YDULDQFH ]HUR
GLIIHUHQFHEHFRPHVJUHDWHU7KHPRVWLQWHUHVWLQJ
¿QGLQJ LV WKH FKDQJHV DVVXPHG LQ WKH UDZGDWD
GLVWULEXWLRQ ZKHQ WKH VDPSOHV DUH WDNHQ XS WR
P6HH7DEOH
TABLE 5
ADJUSTMENT MODELS FOR THE RAW DATA UP TO 600 M. 
Data Thickness Moisture Volatility Fixed C Ash
Distribution    42,93 
Betteradjustment 0D[LPXP([WUHPH %HWD Weibull Weibull /RJQRUPDO
Anderson-Darling     
P Value  ---   
6RXUFH1&5'62ZQHODERUDWLRQE\2UDFOH&U\VWDOO%DOO
The results indicate that the thickness decreases 
D VPDOO DPRXQW ZKLFK LPSOLHV WKDW WKHUH LV D
SUREDELOLW\ WR ¿QG D FRDO UHVHUYHV FRQVLGHUDEOH
amount. This fact is discussed in a more detailed 
ZD\LQWKHQH[WVXEVHFWLRQ
On the other hand, the resources have different 
GLVWULEXWLRQ ZKHQ H[SORLWDWLRQ JRHV GHHSHU E\
XVLQJGLIIHUHQWWHFKQRORJ\,WFRXOGEHH[SODLQHG
SRVVLEO\ GXH WR WKH ]RQDO DQLVRWURS\ ZKLFK LV
IDVWHUZKHQWKHGLUHFWLRQLVYHUWLFDODVZDVSRLQWHG
RXW DERYH 7KLV LQFUHDVLQJ WHQGHQF\ LPSOLHV
QRWRQO\ WKHSRVVLELOLW\ WRJHWPRUH UHFRYHUDEOH
UHVRXUFHVEXWDULVNLHUDFWLYLW\GXHWRWKHJURZLQJ
XQFHUWDLQW\6RLWLVFOHDUWKDWDGHHSHUH[SORLWDWLRQ
EULQJQHZHFRQRPLFRSSRUWXQLWLHVEXWLWUHTXLUHV
WRDVVXPHPRUHULVNZKLFKLVFRVWO\DVZHOO
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C. About theoretical increasing in the volume of 
coal reserves
Whatever be the assumption about the coal 
UHVHUYHV GLVWULEXWLRQ LW LV D IDFW WKDW WKH DQ\
WHFKQRORJ\GHYHORSPHQWZKLFKFKDQJHVWKHFRDO
H[SORLWDWLRQFRQGLWLRQVPXVWFKDQJHWKHUHVHUYHV
GH¿QLWLRQVZLWKDFHUWDLQSUREDELOLW\
$V DOO SUHYLRXV UHVHDUFK LQGLFDWHV >@ LW LV
important to keep in mind, that this incremental is 
QRWDEVROXWH$UHFRYHUDEOHIDFWRUKDVEHHQ
applied to UCG projects, under some constraints 
OLNH WKLFNQHVV RU ELWXPLQRXV $GGLWLRQDOO\ DV
LW ZDV H[SODLQHG EHIRUH WKH QHFHVVLW\ WR DYRLG
DQ\ ZDWHU FRQWDPLQDWLRQ REOLJDWHV WR OHDYH
XQH[SORLWHGWKHFRDOVHDPZDOOV
,QWHUPVRIUHVRXUFHVDYDLODELOLW\WREHH[SORLWHG
LW LV FRQVLGHUHG WKDWP LV WKHERUGHUZKHUH
FRDOH[SORLWDWLRQLVHFRQRPLFDOO\YLDEOH,I8&*
WHFKQRORJ\DOORZVDGHHSHUUHVRXUFHVUHFRYHULQJ
WRPRUPLWFRXOGUHSUHVHQWDWOHDVW
D  LQFUHDVH LQ WKH UHVHUYHV UHFRYHU\ZLWK
D FHUWDLQ SUREDELOLW\ OHYHO JLYHQ WKH DVVRFLDWHG
reserves calculation. 
+RZHYHUDVLQWKH0RQWHFDUORVLPXODWLRQ¶VFDVH
LVMXVWRQHVSHFL¿FZD\WRFODLPIRUWKLVLQFUHPHQW
,W ZRXOG EH QHFHVVDU\ WR FDOFXODWH WKH UHVHUYHV
DPRXQW ZLWK D QHZ GH¿QLWLRQ XQGHU WKH 8&*
WHFKQRORJ\LPSOHPHQWDWLRQE\XVLQJDVWDQGDUG
procedure as described in Section 4.
+RZHYHU VRPH DXWKRUV OLNH %XUWRQ et al. >@
FRQVLGHU WKDW XQGHU 8&* WHFKQRORJ\ UHVHUYHV
FDQ LQFUHDVH DURXQG  WR  'HVSLWH
those considerations, it is possible to increase the 
XQFHUWDLQW\DVZHOO
V. CONCLUSIONS AND REMARKS
7KH8&*WHFKQRORJ\GHYHORSPHQWKDVLPSRVHG
DQHZHQJLQHHULQJDQGHQYLURQPHQWDOFKDOOHQJHV
related to its implementation. There are a 
considerable number of studies, concerning this 
kind of projects technical issues and evaluations. 
Also, several economic evaluations can be found 
in this area. In despite of being recognized as an 
DGYDQWDJHWKDWWKLVWHFKQRORJ\DOORZVWRUHFRYHU
UHVRXUFHVFRQVLGHUHGXQUHFRYHUDEOHE\WUDGLWLRQDO
PLQLQJ WKLV DVSHFW KDV QRW EHHQ VXI¿FLHQWO\
FRQVLGHUHG\HW
One of the UCG implementation consequences 
LVWKHDFFHVVLELOLW\WRWKHFRDOUHVRXUFHVDWGHSWKV
JUHDWHU WKDQ P ZKLFK LV FRQVLGHUHG WKH
ERUGHU IRU WKH HFRQRPLFDOO\ YLDEOH WUDGLWLRQDO
PLQLQJ 6XFK D QHZ UHVRXUFHV ¿QGLQJ LPSOLHV
an incremental in the recoverable coal resources 
LQYHQWRU\ )URP WKLV SRLQW RI YLHZ DQ\ 8&*
SURMHFW YLDELOLW\ UHGH¿QHV WKH UHFRYHUDEOH
resource concept.
+RZHYHULWLVQHFHVVDU\WREHFDXWLRXVZLWKDQ\
HDV\ FRQVLGHUDWLRQ DERXW WKDW LQFUHDVH LQ WKH
UHFRYHUDEOH UHVRXUFHV $V LW KDV EHHQ VKRZQ
GXHWRWHFKQLFDOLVVXHVOLNHWKHDQLVRWURS\WRJR
GHHSHULPSOLHVPRUHXQFHUWDLQW\LQWKHUHVRXUFHV
FDOFXODWLRQ$VWKHLQWHUHVWLQ8&*LQFUHDVHVE\
RQHKDQGLQWKHRWKHUWKDWXQFHUWDLQW\FRXOGEHD
FRQVWUDLQWLQDQHQYLURQPHQWGHYHORSPHQWZKHUH
investors are risk averse. One of the main subjects 
UHODWHGWRWKHXQFHUWDLQW\LVWKHXQGHUJURXQG¿UH
FRQWUROZKHUHLWLVDOPRVWLPSRVVLEOHWRKDYHDQ\
FHUWDLQW\ KRZHYHU VRPH VWXGLHV KDYH UHDFKHG
LPSRUWDQWDGYDQFHVLQWKLVPDWWHU>@>@
7KHQLWLVQHFHVVDU\WRREWDLQWKHUHDOGDWDLQRUGHU
WR HYDOXDWH PRUH FORVHO\ DQG ZLWK FRQ¿GHQFH
DQ\8&*SURMHFWLQ&RORPELD,I,1*(20,1$6
ZRXOG KDYH FRQWURO SRLQWV RQ K\SRWKHWLFDO
UHVHUYHV SURSRVHG IRU GHSWKV JUHDWHU WKDQ 
P>@WKLVLQYHQWRU\FRXOGEHWUDQVODWHGWRWKH
SURYHQUHVHUYHVLQWKHFRXQWU\
7KLVSDSHUFDOOVRXWWKHUHVHDUFKHUVDQGLQYHVWRUV¶
DWWHQWLRQ HVSHFLDOO\ WKRVHZKRDUH LQ FKDUJHRI
WKHVHSURMHFWV¶HFRQRPLFDQG¿QDQFLDOHYDOXDWLRQV
to consider the issues pointed out here.
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